The composition, density and enzymic activities of sheep liver nuclear-envelope preparations were found to vary markedly according to the concentrations of nuclei during the lysis stage. The effect of nuclear concentration on the properties of the purifed envelopes could not be attributed to bound Mg2+ or to other ions, and appeared to result from some component of the nucleus which was not eluted during lysis. The implications of these findings for studies on the nuclear envelope are discussed.
The composition, density and enzymic activities of sheep liver nuclear-envelope preparations were found to vary markedly according to the concentrations of nuclei during the lysis stage. The effect of nuclear concentration on the properties of the purifed envelopes could not be attributed to bound Mg2+ or to other ions, and appeared to result from some component of the nucleus which was not eluted during lysis. The implications of these findings for studies on the nuclear envelope are discussed. Among the many procedures by which mammalian liver nuclear envelopes can be isolated (for reviews, see: Franke, 1974; Fry, 1976;  Harris & Agutter, 1976) , the method of Kay et al. (1972) and some variants of this method (Harris & Milne, 1974; Dwyer & Blobel, 1976) are particularly widely used. Their popularity results largely from (a) their rapidity; (b) the high yield and (c) the well-preserved morphological integrity of the purified envelopes.
In our laboratory and in others all isolation procedures are to some extent irreproducible in terms of the chemical composition, density and enzymic activities of the purified nuclear envelopes. One consequence of this is that results obtained from different laboratories are not strictly comparable (Richardson & Agutter, 1980) , and this has serious implications for the growth of knowledge in this field.
In the present paper, we describe an investigation into the extent and probable causes of irreproducibility in one isolation procedure, that of Harris & Milne (1974) . This particular variant of the method of Kay et al. (1972) gives nuclear envelopes which contain a high NTPase activity (Agutter et al., 1977; Milne et al., 1978) . This enzyme appears to be involved in nucleocytoplasmic RNA transport (Agutter et al., 1979b; Agutter, 1980) , and for this reason the method of Harris & Milne (1974) obtained from Boehringer, Mannheim, Germany. All other reagents used were of AnalaR grade from BDH, Poole, Dorset, U.K.
Isolation ofnuclei
Nuclei were isolated from sheep liver by the method of Blobel & Potter (1966) , except that (i) the minced tissue was dispersed briefly (2 x 10s) in a Waring blender before Dounce homogenization, (ii) after centrifugation through dense sucrose, the nuclei were washed with 3 x 20vol. of 10mM-Tris/ HCI/2 mM-MgCI2/5 mM-2-mercaptoethanol, pH 7.4, before lysis.
Step (i) markedly decreased the total operation time, and step (ii) removed the sucrose which interferes with DNA determinations.
Isolation ofnuclear envelopes
The procedure of Harris & Milne (1974) involves: (a) swelling of the nuclei at 40C for 10min in 1 mM-NaHCO3, pH 7.2-8.0; (b) resuspension of the pellet, obtained by centrifuging the swollen nuclei at 25 000g for 5 min, in 1 mM-NaHCO3 containing 10ug of DNAase I/ml, followed by incubation at 200C for 20min; (c) repeated washing of the insoluble residue in lmM-NaHCO3 by centrifugation at 25 000g for 5 min until the supernatant has an A260 value of less than 0.1; (d) banding of the envelopes on a linear 0-50% (w/v) sucrose density gradient by centrifugation at 1000OOg for 90min.
Step (a), which appears to be crucial in the procedure (see the Results and discussion section), was varied as follow: (i) the concentration of nuclei ranged from 0.1 to 1.0 mg of protein/ml; in all cases, 20ml of 1mM-NaHCO3 was used in steps (a) and (b); (ii) the concentration of Mg2+ ranged from 0.1 to 2.0mM, but was maintained at less than 0.1 mm in
Enzyme assays
NTPase activity was assayed by the method of Agutter et al. (1979a) , with 1 mM-MgATP2-as the substrate. NADH-ferricyanide reductase activity (EC 1.6.99.3) was determined by the method of Zamudio et al. (1969) ; for this assay, the nuclear envelopes were dispersed in Triton X-100 (final concn. 0.3%, v/v).
Chemical assays
Protein was determined by a modification (Maddy & Spooner, 1970) of the method of Lowry et al. (1951) , with bovine serum albumin as a standard. DNA was determined by the method of Burton (1956) , with 2'-deoxyadenosine as a standard.
Phospholipid was determined by the amount of Pi (Wahler & Wollenberger, 1958) in a 70% (v/v)-HCl04 digest of a chloroform/methanol (2:1, v/v) extract of the envelopes (Folch et al., 1957) .
Determination ofenvelope density
Step ( Table 2 shows the percentages of nuclear DNA and protein released during steps (a) and (b) of the procedure. High nuclear concentrations during the lysis stage resulted in the production of envelopes which (i) contained more of the total nuclear protein (P < 0.05), (ii) retained more DNA (P < 0.005), (iii) retained more lipid (P < 0.001), and (iv) had a higher density (P < 0.005), than envelopes obtained from the low nuclear concentrations (the significance values were determined by analysis of variance from the results shown in Table 1 ). When low nuclear concentrations were used, most of the nuclear DNA and protein were eluted during step (a) of the isolation procedure, and relatively little during step (b); when high nuclear concentrations were used, the converse was observed ( Table 2 ).
The variability in phospholipid retention in envelopes isolated by using different nuclear concentrations during the lysis step is probably attributable to disparities in membrane loss during isolation. NADH-ferricyanide reductase, an enzyme associated with the membrane parts of the envelope (Richardson & Agutter, 1980) and virtually absent from membrane-free pore-lamina preparations, had a high specific activity only when the envelopes were prepared by using a high concentration of nuclei in the lysis stage (see Fig. 1 ). Conversely, the NTPase, which has been shown by Agutter et al. (1979a) and by Lam & Kasper (1979) to be associated with the pore-lamina part of the envelope, had a high specific activity only after lysis of low concentrations of nuclei (see Fig. 1 ). At low concentrations, the NTPase activity shows a large variability. This may be attributable to the partial aggregation of nuclear Variability of isolated nuclear envelopes envelopes prepared under these conditions, which entails variations in the amounts of protein used in the assays. However, the possibility that soluble intranuclear ATP-hydrolysing enzymes become adsorbed to the envelopes to different extents in different preparations cannot be excluded. The two enzymes show, respectively, positive and negative non-linear correlations with the phospholipid/protein ratios of the envelopes (Fig. 2) . Fig. 3 shows that the band of mol.wt. 140000-150000, which is a pore-lamina component (Agutter & Birchall, 1979) and probably a major polypeptide of the pore complex (Krohne et al., 1978) , is more evident in envelopes prepared from low nuclear concentrations. Fig. 3 . Polyacrylamide gels of nuclear-envelope preparations Envelopes were isolated after lysis of nuclei at concentrations of (a) 0.1 and (b) 1.Omg of protein/ml. The bands P0 (approx. mol.wt. 144000), P1 (mol.wt. 68 000), P2 (mol.wt. 66000) and P3 (mol.wt. 59000) are pore-lamina polypeptides, P0 being a pore-complex component and P3 a lamina component (Krohne et al., 1978; Agutter & Birchall, 1979; Richardson & Maddy, 1979 ).
Molecular-weight standards used were bovine serum albumin (68000), ovalbumin (45 000), chymotrypsinogen (24 700) and lysozyme (12000). Blobel, 1976) , is more evident in envelopes prepared from high nuclear concentrations. Thus increase of the concentration of nuclei during lysis appears to increase the recovery of nuclear membrane in the envelopes. However, the ultrastructural integrity of the envelopes, as revealed by electron microscopy of negatively stained samples, shows no marked differences.
It is noteworthy that the P3 polypeptide (see Fig.  3 ), which is a component of the lamina but not of the pore complex (Krohne et al., 1978; Richardson & Maddy, 1979) , was more clearly marked in envelopes obtained from more concentrated nuclei. In view of the NTPase activity results shown in Fig. 1 , it is clear that there is no simple correlation between the amount of polypeptide P3 and the NTPase activity, despite the preferential labelling of this band by [y-32PIATP (Agutter et al., 1979a; Lam & Kasper, 1979) .
When nuclei were lysed [stage (a)] at constant concentrations (1.0, 0.5 or 0.1mg of protein/ml), and then the concentration of protein was varied in stage (b) or stage (c) of the isolation procedure, there were no significant differences in the chemical composition, enzymic activities or density of the envelopes obtained. It was therefore concluded that the properties of the preparation depended only on the conditions used for step (a).
It could be argued that the amount of Mg2+ or of Tris/HCl trapped in the nuclei affected their behaviour during lysis. However, when fixed concentrations of nuclei were lysed in 1 mM-NaHCO3 containing 0. 1-2.OmM-MgCl2 or 0.2-2.5 mM/Tris/ HCl, there were no differences in the composition, density or enzymic activities of the resulting envelopes. These properties appeared to depend only on the concentration of nuclear protein. Lowering the bivalent-cation concentration to effect nuclear lysis (see, e.g., Harris & Agutter, 1976 ) is therefore not necessary when the nuclei are suspended in NaHCO3.
Since the effect on the envelopes of nuclear concentration during lysis is not attributable to bound Tris/HCl or Mg2+, it is presumably attributable to some component of the nuclei themselves. Although this component cannot yet be identified, the following result suggests that it is not eluted during the lysis step. Nuclei (20mg of protein) were incubated with 20ml of 1 mM-NaHCO3 for lOmin at 0°C. The suspension was centrifuged at 25 OOOg for 5min. Fresh nuclei (2mg x 2mg of protein) were suspended (i) in the supernatant or (ii) in fresh 1 mM-NaHCO3. Envelopes isolated from these two sets of nuclei were indistinguishable, and had the usual properties of envelopes prepared after lysis of the nuclei at 0.1 mg of protein/ml (see Table 1 and Fig. 1 ). Therefore the material eluted during lysis of high concentrations of nuclei does not protect lower nuclear concentrations against membrane loss.
These findings indicate that the nuclear protein concentration at stage (a) during the preparation of nuclear envelopes crucially affects the properties of the purified material. Reproducibility of results therefore depends on careful control of this parameter, and differences between findings in different laboratories might be explained in terms of methodological differences at this point. Preliminary results indicate that nuclear concentration during lysis also affects the properties of envelopes isolated by other commonly used procedures (Franke et al., 1970; Kashnig & Kasper, 1969; Kay et al., 1972) .
